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¢ INTRODUCTION

v A_/

‘ﬂ In the highly structured medium of the high-latitudé ionagphere,

N

1)

W irregularities can have a severe effect on transionospheric radio wave
. propagation. Radio waves traversing the irregular medium undergo

b

N spatial modulationz in phase producing random fluctuations in amplitude
L

L)

2 and phase of the resultant wave received at the ground which are known
" as =cintillations. The fluctuations of the radio signals are of

U

N

;‘ importance to users of the transionospheric propagation channel {n a

L

f variety of applications like for example space borne synthetic aperture
. radars.

§

@ RINO et al.(10823)! have reviewad the structure and morphology of auroral
o zone F-region {rregularities, while theoretical aspects have been

3

L}

Y discussed by KESKINEY and OSSAKOV (1983)2 . Ionospheric scintillation
¢

B

0

: l. Rino C.L., Livingston R.C., Tsunoda R.T., Robinson R.M., Vickrey

K

. J.F., Senior C., Cousins X.D., Owen J. and Klobuchar J.A. Recent

T studies of the structure and morphology of auroral zone F-region

g irregularities. Radio Sci., 18, 1167, 1983.

J

b :

o 2. Keskinen M.J. and Ossakow S.L. Theories of high-latitude ionosphberic

irregularities: A Review. Radio Sci., 18, 1077, 1983,

» -
-

v o~ ae - e e » A
» e

>

Y 0

0!"l'll § OO OONONS ‘ I ll!lt'l DT
MBI IR MR KA, v; .l; ‘v, Al .ﬁ S X5 ,\n“l. ,’1 o .!“.t. " .c;l.o. :' " .,-‘:".“"‘ ml 4 "‘l .‘ W, ..l .‘i..‘l ,’s e n O ", 0t

ql.ig

ok



Ay

‘.-3

e has been reviewed by YEH and LIU ¢1982)* with current knowledge of

1 g'e
gk

?3: morphological aspects of scintillation being considered by AARONS

"

Ly

o (1982)".

‘O_;.l

\ 1

b

Y
Saﬁ Soft-particle precipitation and piasma instabilities play important

ln"‘;

}kﬁ roles in irregularity production in the high-latitude F-region. One
i possible creation pracess has been considered by KELLEY et al. (1982)5.
e :

U
'>ﬁ In this large-scale structures or 'blobs' are carried by convection
X

ALY
i
5}£ across the polar cap into the nightside auroral zonme. Plasma

LI

i instabilities operating on the gradients of these large scale structures

| .
ey
;g? cause breakdown to the sub-kilometer irregularities responsible for VHF
W
i
Q&g scintillation. In an earlier report KERSLEY et al. (1986)° discussed
Pr, coordinated scintillation and EISCAT observations which provided
2
> )
:5 evidence for irregularity production by several means. In one example
gl

fﬁﬂ» the evidence indicated a steep gradient in electron density could have
Ol P8 y

,ﬁ. been destabilized by the Ex B mechanism. In others structured

s

(N

e
-.0":!
1nﬁ 3. Yeh K.C. and Liu C.H. Radiowave scintillation in the ionosphere.

|;a! Proc. IEEE, 7Q, 324, 1982.

At he

AN

:ﬁg. 4. Aarons J. Global morphology of ionospheric scintillations. Proc.

"w“'

an IEEE, 70, 360, 1982.

s 5. Kelley M.C., Vickrey J.F., Carlson C.V.. and Torbert R. On the
o

s .
h, origin and spatial extent of high-latitude F-region irregularities. :
0.. )

e J. Geophys. Res., 82, 4469, 1082.

B 1
%.‘ 6. Kersley L., Pryse S.E. and Vheadon F.S. Radiowave scintillations and
!

)
s%; ionospheric irregularities at high-latitudes. Report AFOSR-85-0190, !
B
§

University College of VWales, May 1986. AFGL-TR-87-0247
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particle precipitation was considered a possible mechanism although
further examination of one case bas revealed that a strong shear in

plasma velocity may have been an important factor.

Scintillation morphology at high latitudes has been discussed by BASU
and AARONS (1920)7 using measurepents made in the 70-V longitude sector.
During times of magnetic quiet a 2:1 suzmmer to winter seasonai dependence
was found. This was attributed by the authors to modulation of particle
precipitation in the North Atlantic sector of the auroral aval due to
the tiit angle of the Earth's dipole. The authors also suggeste§ that
there should be no such marked seasonal variation in either the Alaskan
or Scandinavian sectors of the auroral oval. From cbservations made
using the single Videband satellite in the midnight and morning sectors
of the auroral zone RINO and MATTHEVS (1980)° concluded that there was
ng seasonal variation in scintillations. The nighttime data showed the
highest scintillation occurrence levels but significant scinmtillation

was present in the morning hours. Increased scintillation occurred

during magnetically active periods. The latitudinal distribution of the
4] auroral zone scintillation showed that phase and amplitude scintillation
' enhancements occurred at the point where the satellite to ground
propagation path lay within an L-shell. It was apparent that

» scintillation observations are influenced by

7. Basu S. and Aarons J. The morphology of high-latitude VHF
scintililation near 70+¥. Radio Sci., 15, 59, 1980.
8. Rino C.L. and Matthews S.J. On the morphology of auroral zone

® radiowave scintillation. J. Geopbys. Res., 85, 4139, 1980.
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R

propagation and irregularity geometry. The power law phase screen model
o for weak scatter theory developed by RINO (1979)° gave an insight into

the effects of the axial ratios of the irregularities both along and

f$§ transverse to the principal field-aligned axis. The mcdelling of the
§§§ Videband observations in Alaska suggested that irregularities were

i&o sheet-like with a three-dimensional power law index of -3.5. Earlier
s work by MIKKELSEN et al.(1977)!° using data from the NINBUS 4 polar

a%: orbiting satellite observed from Narssarssuaq in the midnight local time
gﬁ{ zone cuggested elongation of the irregularities along the field line by
;;a a factor of 2.5 and by 1.2 ia the magnetic East-Vest direction. Kecent

Hilat observationc (FREMCUWV, 1985)1! provide some evidence for rod-like

irregularity structures in the nighttime polar cap region with more

5% sheet-like irregularities at auroral zome latitudes.
i;’
:ﬂg The aim of the current work was to investigate scintillations of both
J

JR; amplitude and phase by means of observations at a high-latitude site in
‘.'I'

\J

:ﬁs the European sector using transmiscions from the multi-satellite polar
i

N

\J

:fﬁ orbiting NNSS system. The morphoiogy of the scintillations is discussed
S

X

R4 \}.

X

e 9. Rino C.L. A power law phase screen model for ionospheric

L

A scintillation. 1. Veak scatter. Radio Sci., 14, 1135,1979.

'

.g 10. Mikkelsen I.S., Aarons J. and Martin E. Geometrical considerations
b :

:ﬂ of 136 MHz amplitude scintillation in the auroral oval. J.A.T.P.,
&

I 40, 479, 1977.

p

D 11. Fremouw E.J. Recent Hilat results. AGARD-CP-382, 2.1, 19é&S.
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here together with reports of studies of the geometrical influences on
the observations aimed at achieving a better understanding of the sbhape

and distribution of the irregularities causing the scintillation.

Details of the NNSS catellite system and the experimental arrangement
have been given in earlier reports in this series (KERSLEY AFD VHEADON,
1985 and KERSLEY et al. 1986) '?»° These reports also included
information on the auroral zone location of the experiment at Kiruna in
Northern Sweden and presented some results of amplitude scintillation
norphology and irregularity studies made in conjunction with the EISCAT

ionospheric radar facility.

[t can now be reported that the experiment was operational at Kiruna for
the two year period from September 1984 to September 1986. During this
time observations were obtained from a total of 12022 satellite passes,
that is an average of almost 17 passes per day. The average pass
duration was in excess of 12 minutes ylelding a total of 441822 data
records, with each record containing Sa, ¢¢ and other parameters
characterising the scintillation during a 20 second element of satellite

pass.

12. Kersley L. and Vheadon ¥.S. Scintillation using NNSS satellites.

Report AFOSR-84-0037, University College of Vales, January, 1985.

AFGL-TR-85-0053 (ADA152804)
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The present report is concerned largely with scintillation morphology
studies using this vast data base of observations. It updates the
results given earlier on amplitude scintillation by inclusion of more
data but concentrates on arilysis of the phase scintillation
observations. The importance of geometrical influences on high-latitude
scintillation studies was discussed briefly in a previous report. The
results of more detailed investigations are presented here, where the
geometrical factors in both amplitude and phase scintillation

observations have been modelled for different irregularity anisotropies.

Concerning studies of the scintillation producing ionospheric
irregularities themselves, a section at the end of this report outlines
investigations which have been made combining NNSS observations from the

data base with results from two different coherent radar systems.

Further analysis has been carried out on the large data base of S.
values which characterize the amplitude scintillation at 150 MHz for
each 20 second segment of satellite pass. The morphology has been
studied in terms of occurrence of an Sa value above a specified
threshold, expressed as a percentage of the total number of observations
within that given category. The variation of scintillation occurrence
(Sa > 0.2) as a function of geomagnetic latitude by month i3 {llustrated
in Figure 1 incorporating data from satellite passes within +5°
longitude of Kiruna over the entire two year period of observations.

The main features are the enbhancements in activity close to the
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observing latitude correzponding tc propagation approximately aligned to
the magnetic field and the gradient of scintillation occurrence to the
North as the radiopath travels further through the polar cap region.

For the peak close to the observing station it is clear that
scintiilaticn occurrence is much greater in the summer and autumn than
in winter and early spring confirming the conclusion of the earlier
report. The summer maximum Shows a 60% exceedence whereas the winter
minimum shows pccurrence levels just over 25%. HNorth of the station
there is evidence for reduced levels of scintillation extending into tke
pelar cap in winter possibiy refiecting low plasma densities in the
unlit ionosphere during this period of minimum solar activity.

A correcponding plot for phase scintillation ic presented in Figure 2.
The contourz represent exceedence levels of the phase scintillation
index og¢ above a threshold of 25 degrees. The ¢f index is defined as
the rcct mean square deviation of the detrended phase fluctuation. In
the current experiment the routine procescing uses a detrend filter with
cut-off at O.2Hz. This value is of importance in understanding the
significance cof the choice of 25 degrees as a of threshold. The phase
measured here is that of the received 150MHz signal with respect to the
4COMHz reference. Given an f~' dependence of phase scintillation and an
assumed correlation between the two channels the true o¢f will be some

16% more than that measured. However, more important to of is the

b L L L) 0% ]
AONG el Al
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g%% eifect of the choice of detrend filter cut-off at 0.2Hz. OQObservers of

f&ﬁ% the Videband satellite in Alaska (FREMOUV et al. 1973)'% used O.1Hz.

K/

}f% For an assumed scintillation spectral slope of -3, the effect or filter

i?a cut-off and that of phase reference would combine to make the 25 degree

%g? threshcld of the present results comparable to about 1 radian in the

K Videband VHF observations.

-

i

Q& Figure 2 shows that phase scintillation also peaks for ray paths close

)

‘:S’ to aiignment along the geomagnetic field direction. Here again a 2:1

?“; variation in occurrence between summer and winter is also apoarent.

L“;s

e

? g It bas already been noted that RINO and MATTHEVS (1980)% claimed to find

§:l little evidence of a seasonal variation in their observations from

§E§ Alaska. More recently, BASU et al.(1987)!" alsoc report little evidence

t) for a seasonal variation in scintillation occurrence from HILAT

;?q< observations made in Tromso, Norway.

et

i:!}f? ~

' ¢ 13. Fremouw E.J. Leadabrand R.L., Livingston R.C., Cousins N.D., Rino
X

sﬁi C.L., Fair B.C., Long R.A. Early results from the DNA Videband

SO

Ef; satellite experiment -Complex-signal scintillation, Radio Sci., 13,

., 167, 1978.

AN

o

ﬁfﬁ 14. Basu S., Basu S. and Mackenzie E. Ionospheric scintillations and in-

ifL situ measurements at an auroral location in the European sector.

R

:é‘é: Proc. AGARD conference, Rome, 1987
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%d“ However, it must be noted that both the Alaskan and Scandiravian
\E: ‘conclusions were obtained from observations made using only a single
4
Sﬁ; (satellite so that data covering a range of longitudes but for relatively
;r: }restricted time secters have been taken together. In the present work

) ‘onxy overhead paseces, within + £ degrees longitude of Kiruna, have been
'

tused to compile Figures 1 and 2.

XA
LMY

ST

Figures 3 to 6 show contours of phase scintillation occurrence

“{rg > 25 degrees) on a latitude/longitude grid with the station at the

-

‘centre, each graph representing a different ceason. Close to the edges

iof the plots caution must be exercised in interpretation because of the

a ‘contouring routines used. However, in general the data base is large
W g 8 g
o Eenough to give a reliable guide to scintillation occurrence.
\ 7
& 0.
s
U
ﬁﬁ A feature common to all the plats is the saddle-like nature of the
AN p
Nﬁ contcurs {n the vicinity oI the abserving station. Higher values are
‘..‘ ‘
' i
:’j found in phase scintillation occurrence for propagation directions
0
f? essentially confined within an L-shell. Depleted vaiues are to be seen
‘:! . for progagation paths to satellites immediately FNorth of the station
s
BN
({ﬁ although occurrence is again enbanced towards the Northern horizon.
\
Y
e
an As with amplitude scintillation the features shown in Figures 3 to 6
‘.1" ,
‘2,' largely reflect the biases present in the observations for differing
‘.“: .
fﬁf ! propagation geometries. However, it can be noted that the plots shaw
) ‘significant differences from thoze for amplitude scintillation presented

o eariier where a fleld-aligned enhancement was a significant feature.
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P Thi= topic will be discussed in greater detail later when results are

presented of studies carried out to model the geometrical effects.

2 Diurnal variations in phase scintiliation occurrence (¢¢ » 25 degrees)
NN can ve seen in the plots of Figures 7 to 10. These plotz, on a

\, : S ; . s
i< geormagnetic latitudes/local time grid, have been obtained using data ircm

o passez within 10 degreez longitude of the observing station and are

sentative of the four seasons. Scintillation activity is shown to

-
o]
D

' U
l'b

¥ S .
I fncrease at night although the maximum is more closely centred on local
.o aidnignt than was apcarent in the ampiitude data, where a premidnight

AR maximum could be seen for the same data groupings.

DE h C I NC

Ve RINO and FREMOUV (1977)'% and RINO (1979)° have developed a general

o0 modei of scintiilation based on phase screen theory in which the

iﬂw_ irregularity size distribution is characterised by a power law spectiral
e density function. Using the notation of RINO (1979)° it can be shown

] that for amplitude or intensity scintillation.

:25: 1S. Rino C.L. and Fremouw E.L. The angle dependence of singly scattered

(e wavefields. J.A.T.P., 39, 852, 1977

L RONC h NG

3

)

Fag o CLMNN . OOSINONd DAOOUE b e S e bar g » Ny
St ‘a’ W f'i’( l'l 3 eV i."l,’_‘c.‘fd,'f.o.",l,'fl.‘f‘q'.'s’."‘~‘Jq‘.’x',.'l!.'i!.‘o‘.'c,g (AR " ".9" .l 0" l" S '.‘ "' v, *‘.' iy, ‘t‘ Lo, X A 5



iz

7T

e TR el el e ey -

s
-
v

80

/

H |

s
’»“‘r o
MNOC o~ O—=MZOPXITOMO
~
o
¥
(9]
PN
(o]
N

Y
22 |
A =,
9
1
Bt 65}
i
'C"'I

60

—

l' .' 2 .
" S R 6 20 24 0F 08 i1z 6
ey LOCAL TIiME (HRS)

», o
-
XXOWwn

D))

® CONTOUR LEVELS: 1=10% 2=20% 3=30% 4=40% 5=507
& DIURNAL VARIATION OF RMS PHASE >25 DEGREES
o OBSERVED AT KIRUNA (64.3N.102.8E CGM

x AUTUM 1984

iy A FIGURE 7

HOON08000) CAONONNIS0OIBONS SO W O S R T N T T T T
!b“‘.d"‘l"‘,\"’:"‘:“’:':‘,':.A 0 ..".'i‘l.»'s‘!'b.t'!h‘ «‘.h‘fh‘.'n !":'!.l.,‘\ eﬂ.?‘p‘t'b"t",i..,‘i;““ ‘?‘4‘?&'" A .‘?.-"‘l‘,lv “h‘?lc"h‘

U
s

(R} - »
L R M A M o L OO
L‘q‘h?h"‘yt\"“ .\?A'i?A‘e."‘ \'“‘,A‘La'i’:“’, “' H .'.q'

oAy N RN



(97}
o

70+

MOC 4==1pf~ O—==MZOPPIONO

S/

-
"
IXRON

< . M
“€ W i6 20 24 04 og e 16
1qh LOCAL TiME (HRS)

CONTOUR LEVELS: 1=10% 2=20% 3=307% 4=407% 5=507,
o DIURNAL VARIATION OF RMS PHASE >25 DEGRESS
P OESERVED AT KIRUNA (64.3N.102.8E C3M
WINTER 1984/85

L X FIGURE 8

Sy S W VT 1T e g g Ay Wy 0Ny O O OO RO IRAAUNN DUERXRANRMIG ¢k gt 4y a8 T T T W T T T
U e N e A S e T e e e el N e

)
.
LI



MOC 3™ OYme=MZO B TOMO

RO

S e v T Al

T YW
Lfak o a2 o bl i BiA B0 B o b oia i

80 3 X
3 -

st

w 2 ——
70+

2
| \ Q 1
1

60 |
58 B 13 36 7604 08 ¥ T3

LOCAL TIME (HRS)
CONTOUR LEVELS: 1=10% 2=207% 3=30% 4=407 5=50%
DIURNAL VARIATION OF RMS PHASE >25 DEGREES
0BScRVED AT KIRUNA (64.3N.102.8E CGM
SPRING 1985

FIGURE 9

L] ¥ (]
LIVAPaNS W
.‘ "' "l“‘t,"\.f" R

TP YON TG

'




MOC~——ml O——NZO>TOMO

IROWMW

bt i Aol 42 8 4 oa 40 o o
T TS TP U YT T T wY
TN T TN TN T Y
TV T TR

80 —— //’___,,
3 /
7S} 2 /
76 ¢ 1 (////'
i

/ 2 -

6S | Lo
\\\\\“--._,_________,, | ’,,_,,,/”\

60 |

553 P 76 36 34 04 o8 ¥ 16

LOCAL TitE (HRS)
CONTOUR LEVELS: 1=10% 2=204 3=30% 4=407 5=307
DIURNAL VARIATION OF RMS PHASE >2S DEGREES

OBSERVED AT KIRUNA (64.3N.102.8E CGM
SUMMER 1985

FIGURE 10




1
s = ri Az (Lsecs) cszv K

r(2.5 - v)/2
2/7r ((v=-0.5)/2) (v-0.5)

=N

where J = &b 5
/AT e

-

Tail
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roroula contains facticrs dependent oa Irregularity axial ratics
and provagaticn ard magnetic fleld geometry. For an assumed spectral
sioze the influence of propagation and irregularity geometry on S. can

-

thus be calculatad. In practice. in the present work the magnitude of

t

he pha

I
1]

spectral index p = 2v was taxen to be 3. The constraint
piaced on E. by the Fresnel Zomne parameter Z can aiso be seen. This
parameter was calculated to allow for wavefront curvature f{rom a finite
source distance. The irregularity inner ecale is taken to be zero and
all irregularities are assumed to be lezs than the Fresnel zone size.

For phase scintillation the corresponding expression for phase variance

is given by

4

L) 0 ¢ 1. 4% 3 &
A ¥ Y OO OFD]
PO RO K 7, SOOI U



-2v+1
') do T(v-Xk)
M 5¢2> = ré A2 (Lsec8) G Cs

4T (v + L)

N ab

\Q where G
". VAC - 52/4 COSB

bt This 15 zimilar to that obtained for Sa. but does not depend upon Fresnel

) zone size.

%ﬁf From the two equations given above the effects in both Sa and og of
propagation and irregularity geometry have been computed for conditions
,*Q appropriate to observations at Kiruna and for differing irregularity

»

z anisotropies.

e The influence of propagation and irregularity geometry on Sa. is shown
he in Figures 11 to 13. These are azimuth elevation plots where the
geometrical factor in S. has been normalised to tbhe overhead vaiue.

" These plots are chown for rod-like irregularity structures with the '

;“u field aligned axial ratios ranging from 3:1 to &8:1. The graphs
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correspond to observations made at Kiruna and the irregularity height

has been assumed to be 350kmn.

Vith increasing axial ratio the effects of the field-aligned enhancement
‘in 5. become more apparent. For example for 8:1 rod-like irregularities
tbe obzerved S. will be enhanced by more than 50% for field-aligned
propagation compared to measurements made in the zenith. To the North
of the atation the effects oI propagation geometry cause depleted values
Oof Sa over a wide range or angles. It should be noted that the contour
intaerval differz in the three figurez. A low elevation angle influence
on Sa iz also apparent in the figures with enhanced values in the

normaliszed geometrical factor towards the horiczon.

The eifect of cross-field anisotropy of the irregularities on S. is
shown in Figures 14 to 17. Figures 14 and 15 are for ‘wing-like’
structures with axial ratios 5:2:1 and 3:4:1 respectively. The region
of geometrical enhancement which was concentrated on the field-line
direction for rod-iike structures has now become extended along L-shells
in the magnetic East-Vest direction. The saddle-like enhancement

becomes steaper for greater axial ratios of the irregularities.

Another extreme form of possible irregularity shape is that of ‘sheets’,
extended uniformly in both the field-aligned and magnetic East-Vest
directions. Figures .6 and 17 show the effects of propagation geometry
on S. for sheet-like structures with axial ratios of 5:5:1 and 8:8:1
respectively. The saddle-like feature along the L-shells 1s more

pronounced for such structures and the multiplying factors in Sa are
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magnizied with increasing axial ratios. The large regions of reduced Sa
parzicularly tc the North of the station, but alszo to a lessar extent 10
the South are also features of interest. It should be noted that the
small scale perturbations evident on some of the figures are artifacts
0f the grid system used in the computations so that visual smootaing
zhcuid be =2xercised in interpreting some of the finer details of certain

of the figures.

it has been noted from the equations given earlier that the geometrical
fzctors in Sa and vy are dirferent, because of the limitations imposed

oy Fresnel filtering on the deveiopment of amplitude sciatillation. It
is thus possible to make separate estimates of the geometrical influence

in vs for ccmparison with the observed data.

Acimguth elevation plots of the geometrical influence in o¢, again

norzalised to observation in the Tfenith. are presented in Figures 18 and
19 for 8:1:1 rod~like irregularities and 8:8:1 sheet-like irregularities
respectively. Comparisons between Figures 13 and 18 and i7 and 19 show

the differences in the geometrical influences on amplitude and phase

scintiilation for the two extremes of rod and sheet-like irregularities.

Ao aixm of the present work is to exploit these differences and use the
observations of S. and ¢¢ in an attempt to assess both the anisotropy
and the distribution of the irregularities causing the scintillation.
The aim {c toc try to obtain an irregularity anisotropy model, or a
series of models for different times of day, from which geometrical

factors oi the kind presented in the previous figures can then be
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e
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Wi Yt
il
e ca.culated for both amplitude and phase. The values of 5. and ¢¢ can
;u; toen be modiried to remove geometrical effects and if the anisotropy
s 4
L%ﬁ' mod2l is correct then a self consistent pattern for irregularity
Mo,
¢
37# occurrence should. it is hoped, be found for both ampiitude and phase
\
LA data.
0
[ "
%ﬂ‘j}
L/ ‘ »
" dn eariy example or the results of this proceedure on Sa is shown in
f,* Figure 20. Here 5:5:1 sheet-likXe irregularities have been used to
..\
N
ié& ca:iluiate the geometrical factors shown in Figure 16. The actual vailues
P
\-
53 ) 2f §, Tor Autumn 1984 have then been weighted by the factor appropriate
o t0 tle particular ovbserving geometry and the occurrence plot for S, )
&
AN
" C.Z2 redrawn. Compared with the plot of the raw observations (Figure 21)
A"-
el it can be seen that the enhancement associated with field-aligned and L-
A g
Wl shell confined propagation has been removed and that the resultin
' propag g
u
gy contours are generally aligned East-Vest at latitudes greater than the
9&% 8 y 8 g
MY
'“}' staticn with a clear lower latitude scintiliation boundary. It must be
)
"
ﬁf{ nctad that data from all times of day and all levels of magnetic
1
il
-jq activity for one season have been used in the compilation of this
® : fiigure. Vorx continues using both ampiitude and phase observations from
OLN A
i restricted tixme sectors to try to assess whether rod-like or sheet-like
U y
Vel
a3
naf irregularitiec are more appropriate at different times of day and under
a4y
a'.'u’
A different magnetic conditions.
L
S
e REGULARITS E
)
a‘:N
L
¢!
R In parallel with the scintiilation studies already described work has
' continued on investigations of the sub-kilometer scale irregularities
o
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responsible for the scintillation. In an earlier report coordinated
experiments using NNSS observations and the EISCAT ionospheric radar
facility were described. Here two further investigations using other

radar facilities are outlined.

During the early phace oI NNSC observations at Kiruna a 57 radar was
operationai in Soutaern England (BRADLEY, et al. 198556, On occasions
this radar was beamed so that it obtained coberent backscatter returns
from ionospheric F-region irregularities with scales - 10 metres in a
regicn in the South-Vest of the NNSS viewing area seen from Kiruna.
Exanmpies of bacikscatter ionograms were examined winich showed a clear
pinimum range for backscattered echoes over a range of frequencies which
could have been indicative of an equatorwards edge of an irregularity
boundary. (P.A. Bradiey, private communication). Scintillation data
from zimultanegus passes of NNSS satellites were also examined for a

scintillacion boundary for sub-kilometer scale irregularities.

16. Bradiey, P.A., Gibszon, A.J., Schlobchm J.C. and Vestover, D.E.
Ionospheric factors affecting the perfarmance of HF sky-wave sea-

state radars at high latitudes. AGARD-CP-382, 4.1, 1985.
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;b?g Little evidence was obtained for co-location of the boundaries for
U
U
) i ; . . .
o,V irreguiarities differing in scale by some two orders of magnitude. Ia
v -
:.‘l; general the 2dge of the auroral backscatter region observed by the radar
§ N
§
A"‘,
dh! tended 10 occur over a somewhat limited range of one-way group paths,
a'.:t' D
""“
¢ . : - : ¢ - . :
Ura! whereas the scintillation boundary was muck more variable in latitude.
oS Yo consistent relationship between the two positions could be found from
g?l examination of individual events.
g
]
il
:;. Two ccmments can be made on this apparent lack of corraiation for
AL
“" . ) .
ﬁa' boundaries of irregularities with different scale sizes. First, it
L,
0! 5 s . R
o appears that the refractive bending required to achieve orthogonality to
5b;; the magnetic field and thus obtained coherent backscatter effective.iy
)
s . : A X .
ku; selects out irregularities of the Bragg scale over a restricted range
‘:‘3‘.
dodt from the radar transazitter. Thus the sharp boundary clearly evident on
)
i backscatter ionograms may not give a true iandication of the boundary oI
Y
oy . .
%J' decametra scale irregularities. A second factor which may have
e
f.."’
W s :
N influencad the results was that the geometry for ¥Y¥ES observations into

the volume iliuminated by the radar was less than ideal. Vith the
observations being made often to the North of the boundary the resuizs
in the vicinity of the boundary could he severely influenced by the
geometrical factors in S. and of discussed earlier in this report
resulting in a false position of the scintillation boundary being

estimated. Scintiliation boundary observations are generaliy more

clearly defined when the location of the recordiag station is
equatorwards of the edge of the irregularity region. The next phase oI

the observinz programme in this project involves observations being made




at a sub-auroral site in the Shetlahd Islands. Identification of the
bourdary {or sut-xilometer scale irregularities szhould bde better defined
from this site and, given availability of suitabie radar observations, a
clearer underztanding of the relaticaship between boundaries of

irrazularities with different scales may be found.

SABRE is a VEF auroral radar operated by the University of Leicester.
The bistatic arrangement with stations at Vick, Scotland and ippsaia,
Swaeden aiilows zeasurements to be made of electric rields and piasma
drift Dy Zeans of coherent backscatter from 1.5 metre scaie

tiez in tie auroral E-regicn to the Ner:i and East of Scotland

(JONES et a1.1035317 |,

An =2xarirzation of the SABRE data base (VALDOCK, private communication?
in conjunction with NNSS observations bas yielded some 12 examples in
whick locaiized regions of scintillation can be linked to features in
the plasma flow in the underlying E-region. A typical example is
presented in Figures 22 and 23. The first figure prdvides a summary of
the ¥NSS data for a particular satellite pass on 26 August 198S5. A
distinct feature to be seen is the patch of high scintillation indices

around 67 - 6&~¥ latitudé. The corresponding SABRE data shown ia the

17. Jones T.B., Valdock J.A., Thomas E.C., Stewart C.P. and Robinson
T.R. SABRE radar observations in the auroral ionosphere. AGARD-CP-

382, 6.4, 1085.
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next figure gives a succession 0of E-region plasma flow piots for the
SABRE viewing area. Aiso plotted as open circles are the points at E-
region height of the magnetic field lines which map up to the
intersection of the NESS signai path with the F-regicn at 250 kn
altitude. A region lacking in piasma flow vectors can be zeen about 67
- 68N at the time Or the satellite pass. A localised region of this
kind can be evidence or hard-particle precipitation causzing a
modification of E-region conductivity (VALDOCK. private communication).
Several examples of this nature have been found linking F-region

CLnllillaTion

[}

roducing irregular:iles to the precip:iiatica or dard

‘s
o

particles into the auroral E-region. Several possible mechanisms can be
cited for such a link. 1In an earlier report in this seriec an exampie
wWas preszented of evidence from a coordinated ¥YWSS/EIECAT experiment in
which soft particle precipitation intoc the lonospiaeric F-region was
related to scintillaticn occurrence. [t is possibie that the particles
penetrating to E-layer beight in the present example ar2 part of a broad
spectrun with a structured soft-particie tail which {s responsidble for
irregularities in the F-region. Another possible linking mechanisa
involves shearing of the electric field at the edges of the
precipitation zone causing unstable velocity shears at F-region height.
It can be noted that other examples linking shearing of the E-region
electric field with F-region scintillation have been found.
Destabilization of the F—regioq plasma by means of field aligned

currents may also play a role.

Once again the geometry for NNSS observations into the SAERE viewing

area was rather poor. It is hoped that the new series of observations




A

(v

from the sub-auroral site will provide more favourable conditions for
studies of this kind which may help answer some of the unresolved

questions concerning irregularity mechanisms.
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